We verify that quadratic divergences stemming from gravitational corrections to QED which have been conjectured to lead to asymptotic freedom near Planck scale are arbitrary (regularization dependent) and compatible with zero. Moreover we explicitly show that such arbitrary term contributes to the beta function of QED in a gauge dependent way in the gravitational sector. Gravitational effects in Quantum Field Theory can only be obtained in the context of effective theories. This situation resembles the early days of Quantum Mechanics when the study of matterradiation interaction was treated in a similar fashion. Matter was quantized while electromagnetic field was treated classically. Nonetheless in both cases relevant information has been extracted from such effective theories. In the case of quantum gravity the issue of effective theories has been discussed in depth in [1] [2] [3] [4] [5] .
Gravitational effects in Quantum Field Theory can only be obtained in the context of effective theories. This situation resembles the early days of Quantum Mechanics when the study of matterradiation interaction was treated in a similar fashion. Matter was quantized while electromagnetic field was treated classically. Nonetheless in both cases relevant information has been extracted from such effective theories. In the case of quantum gravity the issue of effective theories has been discussed in depth in [1] [2] [3] [4] [5] .
Recently a most challenging far reaching result has been put forth by Robinson and Wilczek. They showed that quantum gravitational effects may contribute to asymptotic freedom in gauge theories [6] . As to be expected several independent investigations started to appear arguing either in favor or against the result. Within the context of the Einstein-Yang-Mills model, in [7] it is argued that the quadratic divergences ultimately responsible for asymptotic freedom are canceled in some step of the calculation. In [8] the gauge dependence of the gluon and graviton propagator are included and asymptotic freedom remains, being however gauge dependent in what concerns the gravitational sector. Results in the context of the Einstein-Maxwell model, are also contradictory. The issue of the gauge dependence has been addressed in ref [9] . Also in [7, 10, 11] totic freedom in this model. In [12] it is shown that quadratic divergences are intrinsically ambiguous in a regularization independent way. Other regularization dependence may arise during the calculations since surface terms will certainly appear if quadratic divergences are present and are evaluated differently in different regularizations. The authors of [13] also argue that quadratic divergences are devoid of physical significance, since they may be eliminated by a redefinition of the fields in the original Lagrangian. An argument along a different line was given recently in ref [14] where it is argued that the linearized spacetime metric is not a solution of Einstein equation. Against the existence of asymptotic freedom in the context of the Einstein-Maxwell model a calculation is presented which leaves arbitrary gauge parameters (both for the photon and graviton sectors) and concludes that the results are dependent on the gravitational gauge only [15] . Moreover it is shown that in the limit of zero mass quadratic divergences disappear, in agreement with Dimensional Regularization. Given the nature of the discrepancies in the results in the literature regarding both gauge and regularization dependence we believe it is pertinent to present a calculation using the most general parametrization of logarithmic and quadratic integrals which allows one to display ambiguities arising either from divergences as well as those intrinsic to perturbative calculations such as surface terms. We carry all ambiguities till the end of the calculation.
We show that there appears in fact a quadratic divergence which could in principle be responsible for asymptotic freedom. It is however intrinsically ambiguous as it is both regularization and gauge (in the gravitational sector) dependent.
We start by describing the model. We couple scalar electrodynamics with gravitation as follows
where in (1), F µν is the (Maxwell) field strength tensor, (D µ φ) = (∂ µ φ + ieA µ φ) represents the covariant derivative, g µν the space time metric, κ = √ 32πG the gravitational coupling constant and R the scalar curvature tensor. We use the weak field approximation, linearizing the metric around a Minkowski background η µν = (1, −1, −1, −1) in the following way
with h µν in eq. (2) being the deviation from the flat background.
The propagator of the scalar field is
whereas the graviton propagator with explicit gauge dependence reads
with
and µ is a fictitious mass which we will set to zero at the end of calculation. The photon propagator as usual is given by
in an arbitrary gauge α. The one loop corrections to the photon propagator for scalar QED in weak gravitational field approximation (2) are depicted in figures (1) and (2) 
where, the term P λθγδ is given by in (5).
where
− Ω µν and the parentheses (brackets) indicate symmetrization (anti-symmetrization) in the indices. In fig.  (2) , the photon scalar field vertices are
and
respectively. The photon self energy correction to one loop order is given by the sum of the amplitudes depicted in figs. (1) and (2) . They read
where, for brevity,
To evaluate these amplitudes we adopt a strategy based on Implicit Regularization [16, 17] . Their ultraviolet content will be displayed in terms of basic divergent integrals which depend on the loop momentum only. The difference between basic divergent integrals which have the same superficial degree of divergence but different Lorentz structure in the internal momenta can be cast as surface terms which are in principle arbitrarily valued. In [18] it was shown that such arbitrariness can be fixed on symmetry grounds (e.g. gauge and supersymmetry) which is ultimately related to momentum routing invariance in the Feynman diagrams. Typical basic divergent integrals at one loop order are given by
Other basic loop divergent integrals appear in the calculation, e.g.
which however are related to (16) and (17) through surface terms. We can parametrize the divergent integrals in a general form [18] . For example, I log (µ 2 ) in equation (16) satisfies the regularization independent equation
. The most parametrization compatible with equation (20) is
with b 1 is arbitrary constant. In analogous fashion, I µν log (µ 2 ) can be written
where b ′ 1 is another arbitrary constant. The choice of the arbitrary constant have a physical motivation. Notice that
is a surface term, which is in principle arbitrary and generally regularization dependent as the parametrization shown in eqs. (21) and (22) . Likewise, equation (17) satisfies
and the most consistent parametrization from (24) is
and, in analogous way
These parametrizations reveal the regularization dependent character of quadratic divergence expressed by the dimensionless constants c i and c ′ i . For instance, whilst c 1 = c 2 = 0 in dimensional regularization, in sharp momentum cutoff they evaluate to
In other words, while gauge invariance and momentum routing fix the surface terms to zero, c 1 , for instance, remains undetermined. After this brief discussion about regularization ambiguities, we proceed to present our main results.
A lengthy yet straightforward calculation we get
where the term F (p 2 ) in equation (28) is given by
The infrared regulator expressed by ln(µ 2 ) when µ → 0 in finite part of the amplitude is canceled against the infrared regulator in I log (µ 2 ) through the regularization independent relation
where λ 2 is a non vanishing arbitrary parameter which plays the role of renormalization group constant [19] .
In (28) the (regularization dependent) surface terms read
where the terms a 1 , a 2 and a 3 are given by
respectively. Whilst quadratic divergences are canceled between the graphs in figure (2) there remains a I quad (µ 2 ) from the graphs in figure (1) . This term proportional to I quad (µ 2 ) in (28) could give rise to asymptotic freedom in electrodynamics as pointed out by Toms in [10] . We show however that besides being gauge dependent it is also intrinsically undetermined as we can see in eqs (25) and (26) respectively. As for the other indeterminacies contained in eq. (28) expressed by the Υ ′ s (surface terms) it can be easily checked that the terms a i , with i = 1, ..., 3 are evaluated to zero in dimensional regularization, rendering Π µν total transverse, as it should. Within the framework of Implicit Regularization we have demonstrated that both momentum routing and gauge invariance are simultaneously satisfied if we set surface terms to zero [18] . Results in the literature can be recovered by choosing ξ = α = 1.
We get the β function from eq. (28). It is given by
where c 1 in eq. (39) remains arbitrary and can not be fixed by gauge invariance. In the same sense, [20] [21] [22] also argue that the quadratic divergence present in (28) should not exist because the quadratic divergence dependence disappears when physical processes are taking into account.
To summarize we have shown in a regularization independent way that the quadratic divergences which contribute to asymptotic freedom in QED at the Planck scale is intrinsically undetermined and gauge dependent.
A final comment is in order. In references [20] [21] [22] it is argued that the cutoff dependence represented by the cutoff Λ should not affect physical observables while in [23] and [24] it is performed an Asymptotic Safe construction of QED coupled to Quantum Einstein Gravity attaching physical meaning to the cutoff. Because the quadratic divergence ambiguity expressed by c 1 is arbitrary and compatible with positive values, it reveals an essential ambiguity in gravitational corrections to the running charge and thus cannot affect physical observables.
